Introduction
============

The link between poverty, socioeconomic inequalities, and increased mortality is well established,[@ref1] [@ref2] [@ref3] [@ref4] but the extent to which such inequalities can be modified is unknown. Cardiovascular disease is the commonest cause of premature death in the Western world and is closely related to socioeconomic deprivation.[@ref5] [@ref6] [@ref7] [@ref8] Cardiac surgery offers several procedures that are known to carry considerable prognostic benefit, particularly coronary artery and heart valve surgery in the presence of severe symptomatic valvular abnormalities.[@ref9] [@ref10] We examined whether this prognostic benefit applies across the socioeconomic spectrum.

Methods
=======

Patient population
------------------

We reviewed data from the cardiac surgical databases of QuORU (the quality and outcomes research unit) and NWQIP (the north west quality improvement programme in cardiac interventions), which hold prospectively collected clinical information on all adults undergoing cardiac surgery in Birmingham and the north west of England. The data were acquired prospectively as part of the patient's hospital admission and are based on the minimal dataset defined by the Society for Cardiothoracic Surgery in Great Britain and Ireland[@ref11] with some customised additions. We excluded patients undergoing surgery requiring circulatory arrest, distal aortic surgery, transplantation, surgery for thoracic trauma, adult congenital surgery, surgery for acquired ventricular septal defect, and salvage operations as these are relatively uncommon and higher risk procedures. The study population comprised 44 902 patients undergoing cardiac surgery between 1 January 1997 and 31 December 2007. Social deprivation was calculated for all patients from their home postcode with the 2001 Carstairs scores.[@ref12] These scores, based on the 2001 census data for England and Wales, range from −5.71 (least deprived) to 21.39 (most deprived). We classified patients into three groups according to their self reported smoking status: "current smokers" for patients smoking up to or including a week before surgery, "ex-smokers" for those who discontinued smoking habits any time before surgery, and "never smoked." Body mass index (BMI) was calculated as weight (kg)/height (m)^2^.

Aims of the study
-----------------

We examined the influence on social deprivation on survival after cardiac surgery, identified clinical factors associated with social deprivation, and assessed whether adjustment for these factors influences the effect of social deprivation on outcomes.

Study end points
----------------

In hospital mortality was recorded locally. We used the central cardiac audit database, which is linked to the Office for National Statistics, to check this status and provide survival data after discharge (census date 1 December 2007 for QuORU and 1 July 2007 for NWQIP). In hospital mortality was defined as death at any time after surgery during the hospital admission.

Statistical analysis
--------------------

Descriptive data are expressed as medians and interquartile ranges. The level of significance (α) was set at 0.05 (two sided).

The analysis was conducted in two stages. Firstly, we examined whether deprivation, as described by the Carstairs score, was predictive of mortality in hospital and in longer term follow-up. Secondly, after identifying current and past smoking behaviour, body mass index, and diabetes as clinical factors associated with social deprivation, we examined the degree to which these mediated any excess mortality associated with deprivation.

The risk profile in cardiac surgery is commonly assessed with the European system for cardiac operative risk evaluation (EuroSCORE),[@ref13] which contains variables such as age, sex, and ventricular function known to influence outcomes. We developed prognostic models to examine whether there was an additional effect of social deprivation on all cause in hospital mortality and mid-term survival. In these models we added type of surgical procedure and surgeon (as a random effect/grouped frailty) to the (log) EuroSCORE value as patient level covariates. The EuroSCORE was log transformed (log EuroSCORE) as this achieved a substantial (nominally significant) improvement in model fit, as judged by the Aikaike's information criterion.

We identified further factors associated with deprivation and included these in further models to explore the extent to which these measures described the risks associated with deprivation. We examined candidate continuous variables (BMI, social deprivation) for linearity in predictive response. In univariate analyses we established whether the untransformed variable predicted the outcome. We used Aikaike's information criterion to identify appropriate transformation or, when these were superior, a restricted cubic spline. When these were significantly superior to alternative functional forms, we fitted a restricted cubic spline with 5 knots. We explored the extent to which the number of knots affected the model fit.

We used backwards stepwise selection to identify a parsimonious predictive model, excluding candidate explanatory variables when they did not improve the model fit. The criterion for consideration and inclusion in the model was P≤0.05.

Categorical models for in hospital mortality were conducted with PROC GLIMMIX in SAS 9.1 (SAS Institute, Cary, NC). Time to event analyses were conducted with Cox constant proportional hazards models with approximate grouped frailty, in the statistical package R, using a gamma distribution for the frailty term.[@ref14] We explored alternative distributional forms for the frailty term

Data on EuroSCORE, Carstairs score, diabetes, type of surgery, sex, and consultant or centre were available for all patients. Data were unavailable on smoking in 53 patients, hypertension in 43, age in 45, and BMI in 480. Data on in hospital death were missing for one patient and on time to death for mid-term analysis for 1625.

Results
=======

The study population comprised 44 902 patients (32 889 male), who received procedures at five different hospitals from 51 surgeons. The median age was 65 (interquartile range 58-71). Diabetes (type 1 or 2) was present in 7363 (16.4%) patients and hypertension in 24 010 (53.5%). At the time of surgery 9803 (21.9%) patients were current smokers, 21 697 (48.4%) were ex-smokers, and 13 349 (29.8%) had never smoked. Medians were 27 (25-30) for BMI, 4 (2-6) for EuroSCORE, and −0.54 (−2.19-2.27) for Carstairs score. Table 1 summarises the type of cardiac surgery[](#tbl1){ref-type="table"}.

###### 

 Summary of cardiac procedures

  Cardiac procedures\*      No (%)
  ------------------------- -----------------
  Total                     44 902 (100.00)
  CABG                      32 005 (71.28)
  Valve(s) only             6765 (15.07)
  CABG + valve(s)           4092 (9.11)
  CABG + other              585 (1.30)
  Valve(s) + other          479 (1.07)
  CABG + valve(s) + other   179 (0.40)
  Other                     797 (1.77)

CABG=coronary artery bypass surgery.

\*Valve refers to heart valve repair or replacement. Other refers to concomitant atrial fibrillation ablation, left ventricular aneurysmectomy, atrial septal defect repair, or closure of patent foramen ovale.

In hospital mortality
---------------------

The all cause in hospital mortality was 3.3% (1461/44 902). In the initial multivariable analysis EuroSCORE, type of surgery and social deprivation were all independent predictors of in hospital mortality (table 2[](#tbl2){ref-type="table"}).

###### 

 Predictors of in hospital mortality

                                                                                      Odds ratio (95% CI)       P value
  ----------------------------------------------------------------------------------- ------------------------- ---------
  **Multivariable non-linear mixed model\***                                                                    
  Intercept                                                                           0.001 (0.000 to 0.001)    \<0.001
  Log EuroSCORE†                                                                      8.822 (7.701 to 10.107)   \<0.001
  CABG                                                                                1                         
  CABG + other                                                                        1.271 (0.938 to 1.721)    \<0.122
  CABG + valve(s)                                                                     1.331 (1.147 to 1.545)    \<0.001
  CABG + valve(s) + other                                                             2.189 (1.422 to 3.371)    \<0.001
  Other                                                                               1.897 (1.464 to 2.457)    \<0.001
  Valve(s) only                                                                       0.788 (0.675 to 0.919)    \<0.003
  Valve(s) + other                                                                    1.369 (0.962 to 1.949)    0.081
  Carstairs score‡                                                                    1.029 (1.011 to 1.048)    \<0.002
  **Multivariable non-linear mixed model plus predictors of social deprivation\*§**                             
  Intercept                                                                           0.005 (0.002 to 0.010)    \<0.001
  Log EuroSCORE†                                                                      8.532 (7.429 to 9.797)    \<0.001
  Diabetes                                                                            1.167 (1.010 to 1.347)    \<0.036
  CABG                                                                                1                         
  CABG + other                                                                        1.284 (0.947 to 1.741)    \<0.108
  CABG + valve(s)                                                                     1.300 (1.118 to 1.511)    \<0.001
  CABG + valve(s) + other                                                             2.232 (1.447 to 3.444)    \<0.001
  Other                                                                               1.740 (1.323 to 2.289)    \<0.001
  Valve(s) only                                                                       0.743 (0.633 to 0.872)    \<0.001
  Valve(s) + other                                                                    1.343 (0.942 to 1.916)    0.103
  Carstairs score‡                                                                    1.025 (1.006 to 1.043)    0.009
  BMI                                                                                 0.924 (0.900 to 0.950)    \<0.001
  BMI 1¶                                                                              1.000 (1.000 to 1.000)    \<0.707
  BMI 2¶                                                                              1.003 (1.001 to 1.006)    \<0.010
  BMI 3¶                                                                              0.994 (0.987 to 1.000)    \<0.050

CABG=coronary artery bypass grafting (reference procedure); BMI=body mass index.

\*Includes consultant surgeons as random effects (P=0.004).

†Odds ratio represents change in 1 natural log transformed EuroSCORE point.

‡Odds ratio represents change in 1 untransformed Carstairs score point.

§Smoking behaviour, diabetes, and BMI (all related to deprivation) added as additional candidate explanatory variables, although smoking behaviour did not improve model fit and so was excluded in stepwise selection process.

¶Higher order terms from fitting restricted cubic spline with 5 knots to describe effects of BMI as non-linear function. Knots for restricted cubic spline for BMI placed at 21.1, 24.9, 27.2, 29.8, and 35.38.

Survival analysis
-----------------

The median follow-up was 5.2 years (1887 days, interquartile range 1180-2725 days), and 5563 patients died during follow-up (12.4%). In the initial multivariable analysis EuroSCORE, type of surgical procedure, and social deprivation were all independent predictors for reduced long term survival. There was a 2.4% increased risk of mortality for each point increment in Carstairs score (table 3[](#tbl3){ref-type="table"}, fig 1[](#fig1){ref-type="fig"}).

###### 

 Predictors of mid-term mortality

                                                                            Hazard ratio (95% CI)    P value
  ------------------------------------------------------------------------- ------------------------ ---------
  **Multivariable frailty model\***                                                                  
  Log EuroSCORE†                                                            3.649 (3.447 to 3.863)   \<0.001
  CABG                                                                      1                        
  CABG + other                                                              0.944 (0.783 to 1.137)   0.540
  CABG + valve(s)                                                           1.243 (1.149 to 1.345)   \<0.001
  CABG + valve(s) + other                                                   1.163 (0.842 to 1.605)   0.36
  Other                                                                     0.979 (0.820 to 1.170)   0.82
  Valve(s) only                                                             0.902 (0.838 to 0.972)   \<0.007
  Valve(s) + other                                                          0.903 (0.713 to 1.143)   0.39
  Carstairs score‡                                                          1.024 (1.015 to 1.033)   \<0.001
  **Multivariable frailty model plus predictors of social deprivation\***                            
  Log EuroSCORE†                                                            3.525 (3.327 to 3.736)   \<0.001
  Diabetes                                                                  1.305 (1.217 to 1.399)   \<0.001
  CABG                                                                      1                        
  CABG + other                                                              0.952 (0.790 to 1.147)   0.6
  CABG + valve(s)                                                           1.246 (1.150 to 1.350)   \<0.001
  CABG + valve(s) + other                                                   1.228 (0.889 to 1.696)   0.21
  Other                                                                     0.973 (0.807 to 1.174)   0.78
  Valve(s) only                                                             0.919 (0.851 to 0.993)   0.032
  Valve(s) + other                                                          0.930 (0.734 to 1.177)   0.540
  Carstairs score‡                                                          1.017 (1.007 to 1.026)   \<0.001
  Current smoker                                                            1.294 (1.191 to 1.407)   \<0.001
  Ex-smoker                                                                 1.245 (1.165 to 1.330)   \<0.001
  BMI                                                                       0.941 (0.928 to 0.954)   \<0.001
  BMI 1§                                                                    1.000 (1.000 to 1.000)   0.56
  BMI 2§                                                                    1.003 (1.001 to 1.004)   \<0.001
  BMI 3§                                                                    0.994 (0.991 to 0.998)   \<0.001

CABG=coronary artery bypass grafting (reference procedure); BMI=body mass index.

\*Includes consultant surgeon as frailty term (P\<0.0001).

†Hazard ratio represents change in 1 natural log transformed EuroSCORE point.

‡Hazard ratio represents change in 1 untransformed Carstairs score point.

§Higher order terms from fitting restricted cubic spline with 5 knots to describe effects of BMI as non-linear function. Knots for restricted cubic spline for BMI were placed at 21.1, 24.9, 27.2, 29.8, and 35.38.

![**Fig 1** Survival curves for quarters of social deprivation (Carstairs scores). First quarter least deprived, fourth quarter most deprived](pagd604850.f1_default){#fig1}

Factors associated with social deprivation
------------------------------------------

Additional multivariable analysis identified that deprivation was associated with smoking, extremes of BMI, and diabetes, in addition to EuroSCORE, and type of procedure (table 4[](#tbl4){ref-type="table"}). The final multivariable model for in hospital mortality included BMI, diabetes, smoking, and social deprivation (table 2[](#tbl2){ref-type="table"}).

###### 

 Clinical predictors of social deprivation

  Variable                  Estimate\* (95% CI)               P value
  ------------------------- --------------------------------- ---------
  Current smoker            0.9172 (0.8356 to 0.9989)         \<0.001
  Ex-smoker                 0.2946 (0.2287 to 0.3605)         \<0.001
  Never smoked†             0                                 
  CABG†                     0                                 
  CABG + other              0.0873 (−0.1556 to 0.3302)        0.481
  CABG + valve(s)           −0.2114 (−0.3132 to −0.1097)      \<0.001
  CABG + valve(s) + other   −0.5406 (−0.9751 to −0.1062)      0.015
  Other                     0.1151 (−0.1011 to 0.3313)        0.297
  Valve(s) only             −0.1427 (−0.2285 to −0.05683)     0.001
  Valve(s) + other          −0.2386 (−0.5067 to 0.0294)       0.081
  Log Euroscore             0.07098 (0.02499 to 0.117)        0.003
  Diabetes                  0.6437 (0.5687 to 0.7188)         \<0.001
  BMI                       −0.07049 (−0.08712 to −0.05386)   \<0.001
  BMI 1‡                    −0.00008 (−0.00015 to −0.00001)   0.017
  BMI 2‡                    0.006199 (0.004857 to 0.007542)   \<0.001
  BMI 3‡                    −0.01247 (−0.01578 to −0.00916)   \<0.001

\*Estimate indicates the actual effect of the variable on Carstairs score.

†Reference variable.

‡Higher order terms from fitting restricted cubic spline with 5 knots to describe effects of BMI as non-linear function. Knots for restricted cubic spline for BMI placed at 21.1, 24.9, 27.2, 29.8, and 35.38 (kg/m^2^).

The inclusion of BMI, diabetes, and smoking in the multivariable model for mid-term survival led to a reduction in the risk of mortality because of social deprivation from 2.4% to 1.7% for each point increment in Carstairs score, resulting in an overall reduction in mortality of 29%. In this model, diabetes carried a 31% increased risk and smoking a 29% increased risk of death (table 3[](#tbl3){ref-type="table"}, fig 2[](#fig2){ref-type="fig"}). Figure 3 shows the non-linear effects of varying BMI on the risk of mid-term mortality, where lower and higher BMI both carry increased risk, with approximate 95% confidence intervals.[](#fig3){ref-type="fig"} There were no first order statistical interactions between the Carstairs score and the other included patient level covariates.

![**Fig 2** Percentage increase in hazard of death during mid-term follow-up. Carstairs 1: increased risk for 5 point increment in Carstairs score when diabetes, smoking, and BMI are not included in model. Carstairs 2: increased risk for 5 point increment in Carstairs score when diabetes, smoking, and BMI are included in model](pagd604850.f2_default){#fig2}

![**Fig 3** Non-linear effects of varying BMI on risk of mid-term mortality, with approximate 95% confidence intervals](pagd604850.f3_default){#fig3}

Discussion
==========

Social deprivation has a substantial independent adverse effect on survival in patients undergoing cardiac surgery. Smoking, extremes of BMI, and diabetes were strongly associated with social deprivation, but even after we adjusted for these factors deprivation remained a predictor of reduced survival in hospital and at mid-term. Our study included a large number of patients undergoing cardiac surgery, selected from five participating centres and treated by several surgeons, which taken together are probably representative of patients and practice in the United Kingdom and other similar health systems. We are not aware of previous studies investigating the influence of social deprivation on mid-term outcomes after cardiac surgery.

Predictors of in hospital mortality
-----------------------------------

Hospital mortality after cardiac surgery depends on several well known clinical factors. These are used in various risk stratification scoring systems to evaluate the patients' operative risk of death, of which the EuroSCORE is the most widely used in Europe.[@ref13] This scoring system, however, does not contain diabetes or obesity as risk factors. In the initial multivariable model for in hospital mortality, social deprivation had a small but significant negative influence on mortality. Smoking, diabetes, and BMI were strongly associated with social deprivation and when they were introduced in the analysis as potential predictive variables the effect of social deprivation was largely retained.

Predictors of mid-term mortality
--------------------------------

The EuroSCORE has also been shown to be a strong predictor of long term survival after cardiac surgery,[@ref11] [@ref15] [@ref16] and our report confirms this finding. We found that social deprivation was an additional strong predictor of mortality, even when we introduced smoking, diabetes, and BMI in the analysis. The most deprived patients also present to surgery with a higher risk profile.

### Smoking and body mass index

Obesity, defined as a BMI \>30, is a documented risk factor for cardiac surgery[@ref17] and both smoking and obesity contribute to health related inequalities across the socioeconomic spectrum in population based studies.[@ref4] [@ref7] We identified exposure to smoking as having a significant, additional adverse effect on mid-term survival after cardiac surgery: the additional risk of death after cardiac surgery was 29% for patients smoking at time of surgery and 25% for ex-smokers.

The relation between BMI and survival in our study was non-linear, as previously shown by others,[@ref17] and risks were higher in the extremes of BMI, with minimum risks occurring near a BMI of 27.

Obesity is a major healthcare problem both in the United States, where 65% of adults are overweight or obese,[@ref18] and England. The link between obesity and social deprivation is well established,[@ref19] and the adverse effects of high BMI on survival in the general population have been previously reported.[@ref20] Epidemiological data suggest that the problem of obesity is spreading across socioeconomic boundaries,[@ref21] and in time this could potentially lead to a reduction in the benefits of cardiac surgery for all patients. The current "epidemic" of obesity has been related to changes in type of work, leisure, and transport and the availability of different foodstuffs---the so called "obesogenic environment."[@ref22] The quality of physical environment also affects physical activity levels and obesity.[@ref23] The World Health Organization has issued recommendations on prevention and management of the obesity epidemics.[@ref24]

In our report low BMI also predicted reduced mid-term survival after surgery, in accordance with previous longitudinal reports[@ref25] and post-interventional cardiology studies.[@ref26] Our data, however, do not allow an in depth analysis of the mechanisms underlying these findings. Most chronic diseases tend to cause loss of weight, and in some patients low BMI could be a marker of end stage cardiovascular disease. An inverse relation between body weight and smoking has been shown previously,[@ref25] and the increased mortality in patients with low BMI in our study might be explained, at least in part, by the effects of smoking related diseases. The prevalence of type 2 diabetes among patients with cardiovascular disease undergoing cardiac surgery is high and its link with obesity is well known.[@ref11] [@ref27]

### Diabetes

Diabetes, which is not included in the EuroSCORE, was linked with social deprivation and was associated with a 31% additional risk of death after cardiac surgery. The outcome of cardiac surgery in people with diabetes is worse than in those without,[@ref11] [@ref28] and it is known that people with diabetes have an increased perioperative and late mortality.[@ref29] Although there are well known genetic non-modifiable risk factors for the development of diabetes, recent trials have shown that pharmacological and lifestyle interventions can reduce its incidence in high risk populations.[@ref30]

Cardiovascular disease is progressive, so given the success of the National Service Framework for Coronary Heart Disease[@ref29] in building infrastructure and services in England, this raises the question of whether the observed differences are related to targeting of resources, access to services, and education or to an understanding of how to engage with and benefit from available healthcare facilities.

Limitations of the study
------------------------

The mortality data presented refer to all cause mortality and do not allow an in depth analysis of the relations between causes of death and risk factors associated with social deprivation. We used Carstairs scores to evaluate social deprivation based on district of residence, derived from census and postcode data. While such measures have limitations, the Carstairs deprivation index has been shown to perform well particularly in explaining variations in health inequalities.[@ref12] The data on smoking in our database represent a temporal snapshot of this habit at the time of surgery. We have no data to validate the compliance of non-smokers at the time of surgery, neither have we information on smoking habits after surgery for all patients. Our study was based on several datasets; in future better linkage of patients' data could allow a better understanding of the impact of several risk factors, and trialling targeted intervention in socially deprived populations might show that outcomes are really modifiable. Finally, in the current dataset we cannot examine any additional prognostic information related to ethnicity and its relation with social deprivation.

In summary, people from deprived socioeconomic groups not only have a shorter life expectancy but also spend a greater proportion of their lives affected by disability or illness.[@ref2] Cardiac surgical procedures are generally performed for symptomatic relief or prognostic benefit, and usually both. We have raised the concern that the effect of proved healthcare interventions might not be equally distributed across socioeconomic boundaries. We have identified some important modifiable clinical factors that if addressed might substantially reduce the adverse effects of social deprivation on mid-term survival after cardiac surgery, pointing to the need for comprehensive rehabilitation programmes before and after surgery that include aggressive smoking cessation, nutritional, and behavioural support.

Even after correction for smoking history, BMI, and diabetes, however, the influence of social deprivation on survival remained predictive, indicating that some additional factors related to deprivation might influence outcome. In the face of easy access to effective health care the real challenge lies in developing a coherent health conscious approach to education and to the environment. This is essential to maximise the benefits of expensive and complex healthcare interventions such as cardiac surgery.

### What is already known on this topic

1.  The link between poverty, socioeconomic inequalities, and increased mortality is well established

2.  Cardiovascular disease is a common cause of premature death in the West

3.  Cardiac surgery offers a range of operations to improve prognosis

### What this study adds

1.  Social deprivation reduces the prognostic benefits of cardiac surgery

2.  Addressing issues of smoking obesity and diabetes could reduce the negative impact of social deprivation on outcome after cardiac surgery
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